Abstract
Results
The median age and interquartile range (IQR; 25 th The proportion of older drivers increased from 5.0% to 8.4% annually during the study period (P < 0.001). Between 2010 and 2015, the fatality rate decreased from 3.1% to 1.2% (P = 0.287) for older drivers and from 0.9% to 0.5% (P = 0.009) for younger drivers. The proportion of single-vehicle collision (25.9% vs. 20 .3%) was higher in older than in younger drivers (P < 0.001). Older drivers had a lower rate of seat-belt use than younger drivers (79.0% vs. 83.0%, P < 0.001). 
Introduction
South Korea has a rapidly aging population. In 2015, 13.2% of South Korea's population was determined to be � 65 years of age [1] . With the increase in elderly citizens, the proportion of older adults with driver's licenses in South Korea has also increased, from 7.6% in 2013 to 9.6% in 2016 [2] . Hanrahan et al. estimated that the number of drivers aged � 65 years will double in 2030 compared to 2010 and 25% of all fatal crash involvements will involve older drivers in 2030 in the United States [3] . Thompson reported that the rates of crashes and serious or fatal injuries per 100,000 population and 100,000 licensed drivers for all age groups in Australia had decreased between 2002 and 2013, except those aged 85 years, which remained constant or increased; therefore, more research attention is required to improve their road safety [4] . A variety of conceptual models for injury prevention have been proposed, among which the Haddon matrix is a representative tool that enables analysis of multiple factors associated with traffic collisions, and consists of the risk factors for human, vehicles, and environment at each phase (before, during, and after the crash) [5] [6] [7] . Among these factors, human-related factors include vehicle speed, driving skill of the driver, physical disability at pre-crash phase, wearing a seat belt or equipped with an airbag during the crash phase, and health status of the victim, first-aid skill, access to medic after the crash phase. To know the difference in the characteristics between the older and younger driver traffic collision in human-related factors are important to establish policies for preventing injury and reducing the severity in the event of a collision by older drivers. Generally, young drivers are more likely to be involved in collisions due to insufficient driving skills and risk-taking tendencies such as speeding and reckless driving [8] . On the other hand, the primary causes of traffic collisions among older drivers include driver errors at intersections, failure to yield the right of way or heed stop signs or signals, unseen objects, etc. Visual and cognitive impairment due to aging are also associated with the higher risk of crash involvement, coupled with slower responses by older drivers [9, 10] . Furthermore, if older drivers suffer from chronic medical conditions, they are more likely to be involved in at-fault traffic collisions, indicating that the chronic condition itself could be a risk factor for traffic collisions [11] . However, Rolison et al. reported that the analysis of causative factors in traffic collision based on existing accident record may result in potential underreporting of some contributing factors such as driver distraction, drug and alcohol impairment, and uncorrected or defective eyesight [12] . Since policymakers rely on road accident statistics when implementing the new policy, a more accurate report regarding the causative factors of the accident should be provided. To improve the limitations of the current traffic collision reports, the authors proposed introduction of a system (e.g., use of mobile application) to enable completion of accident report form at the scene.
According to the traffic collision statistics of the Korea Road Traffic Authority, from 2000 to 2015, the total number of traffic collisions in South Korea declined from 290,481 (617.9 per 100,000) to 232,035 (458.4 per 100,000); however, the number of traffic collisions among older drivers aged 65 and older increased from 3,375 (62.2 per 100,000) to 23,063 (348.5 per 100,000) [13] . This dramatic increase in traffic collisions among older drivers has emerged as an important social issue in South Korea, but no previous studies have been conducted using a large-scale national database based on emergency departments (EDs) on the differences in characteristics between older and younger drivers. According to Bingham et al., when comparing traffic collision characteristics between adolescent and adult male and female drivers, adolescent male drivers were more likely to have single-vehicle and fatal head-on collision than adult male drivers, who had a higher likelihood of rear-end crashes [14] . Experience, driving style, or cognitive spatial abilities may reflect the differences in collision types. Similarly, single and multi-vehicle collisions may be different depending on the contributing factors to age difference [15] . We hypothesized that the collision type between the older and younger drivers can also show substantial distinction and believed clarifying these differences will be an important basis to establish policies for their traffic safety in the future. We also investigated the vehicle types because of its important role in characterizing traffic collision between driver groups, as the rate of serious injuries and fatalities according to vehicle types could vary [16] .
This study aimed to identify the epidemiological characteristics and difference in the risk factors and types of traffic collision between older and younger drivers in South Korea.
Materials and methods

Study design and setting
This study was approved by the Korea Centers for Disease Control and Prevention (KCDC) and the institutional review board (IRB) of Kyungpook National University Hospital (IRB No. 2017-07-016-002), and informed consent was waived by the IRB because the data were analyzed anonymously. This retrospective, cross-sectional, observational study evaluated data of injured patients enrolled in the ED-based Injury In-depth Surveillance (EDIIS) system retrieved by the KCDC from January 2011 to December 2015. Since August 2006, the KCDC has been conducting EDIIS for all injured patients who visited EDs participating in the surveillance system to develop national polices for injury prevention. In 2006, the EDIIS system was initiated with a sample of 5 EDs; from 2010 to 2014, the number of participating EDs rose to 20. Twenty-three EDs across the nation have been participating in the surveillance system since 2015. The Ministry of Health and Welfare of Korea categorized EDs into three levels according to detailed criteria for facilities, resources, and personnel. During the study period, there were 20 level-1 emergency centers and 125 level-2 emergency centers; the emergency centers participating in the present study consisted of 10 level-1 emergency centers and 10 level-2 emergency centers in 2014, and three more level-2 centers were added in 2015.
Study population
We included injured drivers aged � 18 years who were registered in EDIIS during the study period. Included patients were limited to drivers of four or more wheels vehicles who were driving the vehicle and sustained an injury at the time of their collision. Among these, agricultural vehicles (including cultivators, tractors, and combines), industrial vehicles (such as bulldozers), and all-terrain vehicles were excluded. An 'older driver' was defined as a driver aged � 65 years, according to the definition of a senior citizen established by the Road Traffic Act in South Korea.
guidebook. The collected data were entered into the website operated by the KCDC, which regularly conducted quality control activities on the collected data by providing feedback to each hospital on missing or incorrect variables, in order to improve data completeness.
We analyzed the following data extracted from the EDIIS database: patient demographics (sex, age), risk factors of injuries (season and times of injuries, alcohol consumption, use of seat belt, work-related injuries, types of vehicles and collisions), and outcomes of victims (ED disposition, hospital lengths of stay, and hospital deaths). Times of injury were classified into four categories; dawn (00:00 to 05:59), morning (06:00 to 11:59), afternoon (12:00 to 17:59), and night (18:00 to 23:59). Seat belt use was assessed based on statements from patients, their guardians, or paramedics who rescued the patients at the scene. Alcohol use was recorded based on statements of patients or their guardians because the EDs in South Korea do not routinely measure the blood alcohol levels of trauma patients. A work-related injury was defined as the activity of an injured patient recorded as 'work' at the time of injury. The vehicles were classified into the following types: vehicles with up to 10 seats (including motor cars, station wagons, minivans, jeeps, and sports utility vehicles), vehicles with 11-19 seats (minibuses, passenger vans, pick-up trucks, ambulances, and motorhomes), and vehicles with 20 or more seats (buses or coaches, trucks, and large/heavy transport vehicles), according to the KCDC guidelines. The types of collision were classified into singleand multi-vehicle collision based on the number of vehicles involved. Single-vehicle collision included only one vehicle, and multi-vehicle collision included two or more vehicles. Singlevehicle collision was further classified into three groups depending on the counterpart in the collision; 'collision with fixed or stationary object', 'no counterpart', and 'others'. Fixed or stationary objects included parked vehicles, benches, trees, guard rails, and buildings. No counterpart was assigned if there was no collision. Examples of these include collision-free rollovers, sudden braking and swerving, going around a corner too quickly, vehicle collapse, and ejection from a vehicle. Hospital death was defined as death occurring within 30 days of the ED visit.
Statistical analysis
All statistical analyses were performed using SAS software version 9.4 (SAS Institute, Inc., Cary, NC, USA). Linear trends in annual driver count from 2011 to 2015 were analyzed using Poisson regression, with simple linear regression being used in case of continuous data. Categorical data were represented as frequency and percentage, and linear trends in the proportion of each categorical variable from 2011 to 2015 were analyzed using Cochran-Mantel-Haenszel's row means score difference test.
When comparing older and younger drivers, data were represented as the median and interquartile range (IQR; 25 th and 75 th percentiles), comparison of independent group means was done using Wilcoxon rank sum test because the data were found to be positively skewed in the Shapiro-Wilk test. Categorical data were represented as frequency and percentage, and comparison of proportions was done using Pearson's chi-squared test. In all the analyses, P values < 0.05 were considered statistically significant.
Results
During the study period, there were 116,194 injured drivers registered in EDIIS and 52,171 met the inclusion criteria. An additional 14,660 were excluded for the following reason: unknown or undetermined data regarding types of collision and seat belt use. The final study population included 37,511 patients (Fig 1) .
Annual trends of epidemiological characteristics of traffic collision victims
The Table 1 .
Comparison of risk factors between older and younger drivers
Of all the enrolled drivers, 2,361 (6.3%) were older drivers. The proportion of male older drivers was higher than that of male younger drivers (80.3% vs. 64.4%, P < 0.001). In older drivers, both seat belt use (79.0% vs. 83.0%, P < 0.001) and alcohol consumption (1.9% vs. 5.1%, P < 0.001) were lower than in younger drivers. According to the types of vehicle, the proportion of vehicles with 11-19 seats (3.0% vs. 2.0%) and vehicles with 20 or more seats (4.9% vs. 3.0%) were higher in older drivers than in younger drivers (P < 0.001). The risk factors of older and younger drivers are shown in Table 2 .
There was a significant difference in seat belt use between older and younger drivers for females, for vehicles with up to 10 seats, and for vehicles with 20 or more seats (P < 0.05; Table 3 ).
Comparison of the types of collision between older and younger drivers and by age
The proportion of single-vehicle collision (25.9% vs. 20.3%) was higher in older drivers than in younger driver (P < 0.001; Table 4 ). Among the single-vehicle collision, older drivers had both higher proportion of 'collision with fixed or stationary object' (15.8% vs. 13.8%) and 'no counterpart' (9.8% vs. 6.4%) than in younger drivers, respectively. The proportions of multi-vehicle collision decreased sharply since the age of 70. The proportion of single-vehicle collision in drivers aged � 80 years (41.1%) was the highest of all the age groups (Fig 2) .
Comparison of hospital outcomes between older and younger drivers
The proportions of hospital admissions from the ED in older drivers were significantly greater than those of younger drivers (25.9% vs. 15.0%, P < 0.001). The number of hospital deaths was 302, the older drivers had higher fatalities rate than younger drivers (1.8% vs. 0.7%, P < 0.001). The median hospital length of stay for older drivers was longer than that for younger drivers (206 min vs. 125 min; P < 0.001). The hospital outcomes of older and younger drivers are shown in Table 5 .
Discussion
The current study found that the proportion of older drivers who visited the ED due to involvement in traffic collisions increased annually. This finding is likely associated with the growing elderly population and the proportions of elderly people possessing a driving license and driving on the road for travel or social activity. However, the fatality rate of older drivers declined over the same period, which is similar to previous studies. Cheung and McCartt [17] reported that the risk for fatal crashes among older drivers in the United States has declined between 1997 and 2008. Another study reported that the fatal crash involvement rate for drivers of all ages has declined significantly, and that this decline was greater for older drivers [18] . Consistent with these results, Hung et al. [19] reported that an increase in the proportion of healthy older adults would increase the likelihood of survival after a traffic collision. Advancement and popularization of vehicle safety technology, expanded road infrastructure, improvements in emergency medical services, and advanced trauma care can also contribute to reducing traffic collision-related mortality [20, 21] . The results of the present study show decreased annual fatality rate in both older and younger drivers; the decline was greater in older drivers. It is likely that the factors associated with this decline contributed positively to both older and younger drivers, but more effectively for older drivers. Notably, we observed a significant difference in the proportion of single-vehicle collision between older and younger drivers. In a single-vehicle collision, responsibility for the collision is confined only to the driver and it is more likely to be associated with a driver's driving ability. Therefore, the decline in coping ability due to aging in a collision situation in older drivers may contribute to the difference in the types of collision observed between the two groups. McGwin and Brown [8] reported that perceptual problems, such as judging and responding to traffic flow, were the most important differences between older and younger drivers. Physical, perceptual, and cognitive deficits associated with aging can negatively affect elders' driving abilities; thus, they are more likely to be fatally injured on the road [10, [22] [23] [24] [25] . On the other hand, some studies have reported that older drivers are aware of the changes in driving ability due to aging and can self-regulate [26, 27] . However, self-regulation regarding driving is only possible when the drivers are aware of the lack of their ability to drive. Considering the results of our study, it is possible that some older drivers who perceive themselves as healthy may not be able to respond as appropriately as younger drivers in a traffic collision.
To reduce the number of traffic collisions of older drivers, a variety of policies have been proposed. In Japan, the government has implemented a program for the voluntary return of driver's licenses by older drivers and offers certain compensation to encourage voluntary participation [28] . However, most older drivers reported that they want to continue driving a private car instead of using public transportation, because they consider trains, subways, and buses to be inconvenient and misaligned with their travel needs, and taxis to be unsafe and too expensive [29] . In both rural and suburban areas, there is a lack of good public transportation options for the elderly even if they want to use them. To increase the voluntary return of older drivers' licenses and to maintain the mobility of older drivers who decide to stop driving, they should be provided with safe, usable, and affordable alternative transportation options to replace the use of private vehicles and overcome the limitations of public transportation systems. Recently, commercial ridesharing systems such as Uber and Lyft have emerged as alternative methods of transportation that better meet the needs of the elderly population [30] . However, this is a relatively new system to South Korea, and thus it is not a popular or familiar option among the elderly; moreover, it is currently illegal in South Korea. We thus suggest that elderly people who have stopped driving be provided with government-subsidized door-todoor taxi services. Public transportation infrastructure should also be improved to make this a more accessible option for the elderly, both in rural and suburban areas.
In-person license renewal in the United States was associated with significantly lower fatality rates among older drivers since this process can provide a direct opportunity to identify potentially unsafe older drivers [31] . In New Zealand, drivers at age 75, 80, and every two years, should provide a medical certificate from a doctor indicating they are medically fit to drive before renewing a driving license, and some of them should pass on-road safety test or require confirmation from a specialist [32] . In Japan, a driving lesson became mandatory to drivers aged � 70 years for license renewal since 2002, and all drivers aged � 75 years have been obligated to take a cognitive functioning test since 2009 [33] . In South Korea in 2018, the government revised the Road Traffic Act, which includes shortening the license renewal interval from 5 to 3 years, and mandatory traffic safety lessons for older drivers aged � 75 years. The traffic safety lesion consisted of a 2-h lecture including the cognitive test. However, any physical disability that can cause driving difficulties cannot be determined as older drivers are not required to provide a medical certificate when renewing their driver's license. As the onroad driving test has also not been conducted at license renewal, assessing the objective driving ability of older drivers is currently limited. With this, many countries decided to shorten license renewal interval or have required mandatory safety education before license renewal for road safety in older drivers. However, deciding whether to restrict or stop driving based solely on older chronological age is also unreasonable, because the potential risks involved in driving vary even within the same older age group. Therefore, the policy to restrict or stop older people from driving should be carefully conducted in conjunction with an on-road driving test to evaluate their actual driving ability. However, conducting on-road driving tests for all licensed older drivers is impractical; thus, an alternative method is needed. Lee et al. reported that the results of driving-performance assessments conducted using simulators correlate highly with the results from conventional road tests [34] . Previous studies that have examined the relationship between the results of neurocognitive tests and fitness to drive among older adults have also demonstrated high correlations between these factors. The MiniMental State Examination, which is a cognitive screening test, has been used as predictor of driving ability [35] . The paper-based Trail Marker Test and computer-based Useful Field of View test measuring visual-cognitive functioning have been associated with the results of onroad test outcomes and prediction of future crash involvement. They could thus serve as useful screening tests and alternatives to on-road tests [36, 37] . However, since the results of single measurements predicting the results of on-road tests vary, further studies on the best predicting and most cost-effective and time-efficient tests for older adults' driving capabilities are needed.
In our study, the temporal characteristics of the older drivers involved in motor vehicle crashes showed results similar to those of previous studies in which fewer traffic collisions were caused by older drivers at dawn and night-time than were caused by younger drivers [8] . This finding seems to be related to their driving tendency to avoid unsafe driving hours in addition to the lifestyle patterns of elderly with little outside activity at dawn and night. However, the rate of older drivers using seat belts was relatively lower compared with younger drivers, which is unlike a previous study [38] . The results of the present study showed that the larger the vehicle, the lower the seat belt use rate; a high proportion of large vehicles in older drivers may have influenced the lower seat belt use rate. In a previous study, the rate of drivers who responded as "always" wearing a seat belt was lower when driving commercial motor vehicles (such as truck, bus, or van) as compared to personal vehicles in the same drivers [39] . The reasons for not using a seat belt while driving a large vehicle were the feeling of safety due to the larger vehicle size and less police enforcement. Cock et al. reported that truck drivers had a 64% seat belt wear rate, which was approximately 20% lower than the national average rate in the United States [40] . Charbotel et al. reported that truck drivers were more likely to have 1.87 times higher Injury Severity Score � 9 than that of car drivers, the low rate of seat belt use of truck drivers (14% of truck drivers vs. 72% of car drivers) could be a factor in explaining the difference of injury severity compared with car drivers [41] . We believe that a low perception of the need for safety observed in the drivers of large vehicles have resulted in low seat belt use in both older and younger drivers. However, even for small vehicle (<10 seater), the seat belt use rate of older drivers was lower than younger drivers. It was considered that factors related to the drivers themselves, besides the types of vehicles, also influenced the seat belt use rates. The results of a previous study showed that the majority of older drivers have confidence in driving except in specific difficult driving situations and they tend to evaluate their driving ability as not bad [42] . This seems to be the result of their long duration of driving experience or the tendency to ignore physical changes due to aging. The perception that fewer fatal crashes will occur due to the tendency of older drivers to avoid long-distance driving and to drive only to familiar places may also have affected the results of the present study. However, it is already known that self-rated driving confidence and on-road driving performance among older drivers have little association [43] . In the future, it will be necessary to strengthen police enforcement for unfastened seat belts for all drivers of large vehicles, and education and public relations related to the degradation of driving performance and the importance of seat belt use for older drivers.
We found that the proportion of older drivers has increased in the present study, but we could not explore whether collision rates of older drivers have also increased during the same period because our data only included traffic collision patients who visited the EDs of participating hospitals. Previous study has reported that failure control for drivers of all ages involved in collisions overestimated the collision risks of older drivers [44] . Although there is a lack of consideration of traffic collision rates, the authors believe that the current study's findings of a higher proportion of single-vehicle collisions with driver responsibility and a lower seat belt use rate among older drivers compared to younger drivers are meaningful because they provide important evidence that road safety interventions for older drivers should be emphasized in the future.
This study has several limitations. First, not all hospitals in South Korea participated in the study and the hospitals in the study consisted mainly of relatively high-level emergency centers located in urban areas. There is thus a possibility of selection bias in the present study. Second, we could not consider the following information that might affect age differences in collision counts and the cause of traffic collisions, because EDIIS did not collect it: vehicle speed, the period for which the driving license was held, weather, roadway environment, annual mileage and number of trips. Rolison et al. reported that the driving risk of older drivers did not greatly increase when assessed based on the travel pattern incorporating the annual mileage, travel frequency, and travel duration, not the annual mileage alone [45] . This result suggests that the driving risk assessment have to be interpreted based on the incorporated results of multiple components rather than a single component for risk exposure. Third, the number of EDs that participated in the study increased during the study period (20 hospitals in 2011-2014, 23 hospitals in 2015). This may have affected the results of this study, but only minimally. Finally, we considered that single-vehicle collision might be associated with decreased driving performance. However, this type of collision can also occur irrespective of an individual's driving ability, for example, in the cases of careless driving, and road or vehicle problems. Although there may be insufficient consideration of these points, we believe that the results of this study are meaningful since the possible occurrence of unrecorded variables could apply equally to both older and younger drivers.
